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ABSTRACT 
During t h e  quar ter  a t o t a l  of 38 random 30-m2 
and 152 random 114-m2 s u b t i d a l  s t a t i o n s  w e r e  
surveyed. Red abalone, Hatiobis  rufescens, 
d e n s i t i e s  remained very low. There was a con- 
t inued dec l ine  i n  d e n s i t i e s  of g ian t  red s e a  
urchins,  StrongyZocentrotus franciscanus, i n  
Diablo Cove a s  w e l l  a s  the  North Control a rea .  
The annual shore census of b u l l  ke lp ,  Nereocystis  
Zuetkeana, revealed t h e  lowest number of p l a n t s  
i n  t h e  su r face  canopy i n  Diablo Cove s ince  1973. 
- The s u b t i d a l  s t a t i o n  da ta  supported t h i s  observation.  
Sea o t t e r ,  Enhydra Zutr is ,  observations were 
continued. A small group of o t t e r s  continued 
t o  r a f t  i n  the  Cove e a s t  of Lion Rock. Some 
of these  o t t e r s  probably forage a s  f a r  south  as 
South Cove. 
The survey of 11 random i n t e r t i d a l  s t a t i o n s  
completed our Upwelling sampling e f f o r t .  
11 Marine Resources, Administrative Report No. 78-5, May 1978. 
- 
2 /  Operations Research Branch, P.O. Box 98, Avila Beach, CA 93424. 
- 
This  i s  the  17 th  quar te r ly  repor t  submitted i n  p a r t i a l  f u l f i l l m e n t  
of Research Contract No. 5-26-77 between the  Department of Fish  and Game 
and t h e  P a c i f i c  Gas and E l e c t r i c  Company. Through t h i s  con t rac t ,  the  
Department of Fish  and Game is t o  conduct ecological  monitoring s t u d i e s  
t o  determine what changes have occurred s ince  1970 and 1971 i n  t h e  base l ine  
inventory of t h e  marine b i o t a ,  with s p e c i a l  reference  t o  f i s h e s  and 
abalones. 
Quarterly r e p o r t s  w i l l  be  followed by annual repor ts .  F u l l  t a b l e s  
and spec ies  lists w i l l  be  included i n  each annual r epor t .  
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INTRODUCTION 
During the  l a t t e r  p a r t  of the  quar te r  the  Pro jec t  Leader and stenographer 
pos i t ions  were t r ans fe r red  t o  the  Diablo Canyon o f f i c e .  W e  be l i eve  t h i s  move 
w i l l  f u r t h e r  increase  the  e f f i c iency  of our p ro jec t  by c u t t i n g  down on t r a v e l  
expenses and increas ing t h e  number of mandays t h a t  can be devoted t o  our f i e l d  
work. 
Almost a l l  a f  our e f f o r t s  t h i s  quar te r  w e r e  d i rec ted  toward random s u b t i d a l  
surveys. A s  usual ,  most labora tory  t i m e  was spent s o r t i n g  and processing i n t e r -  
t i d a l  and s u b t i d a l  a lgae  samples. Whenever poss ib le ,  counts w e r e  made of s e a  
o t t e r s ,  Enhydra Zut r is ,  i n  Lion-Rock, Diablo and-South Coves. Surveys of random 
i n t e r t i d a l  s t a t i o n s  f o r  t h e  Upwelling per iod w e r e  completed. 
This r epor t  is a summary of work performed during the  quar te r  and does no t  
c o n s t i t u t e  a Department of Fish and G a m e  environmental impact r epor t .  Our 
quar te r ly  repor t s  are in te r im repor t s  and usual ly  do not  contain completely 
analyzed data .  Yearly ana lys i s  and comparison of d a t a  a r e  presented i n  our 
annual repor ts .  
METHODS 
Subtidal  Random Sta t ions  
- 
Surveys of random 30-m2 sub t ida l  s t a t i o n s  w e r e  conducted a s  before: 24 
loca t ions  w e r e  se lec ted  i n  North Control and 24 i n  Diablo Cove (Figure 1 ) .  
North Control s t a t i o n s  were se lec ted  from th ree  depth s t r a t a :  12  s t a t i o n s  
from 2.1 t o  6.1 m, 8 s t a t i o n s  from 6.4 t o  12.2 m and 4 s t a t i o n s  from 12.5 t o  
18.3 m. I d e n t i f i a b l e  inver tebra tes  5 cmand l a r g e r ,  a s  we l l  a s  four  species  
of brown algae,were counted within each random 30-m2 s t a t i o n .  I n  Diablo Cove 16 
s t a t i o n s  w e r e  se lec ted  from depths of 2.1 t o  7.6 m and 8 s t a t i o n s  from depths of 
7.9 t o  18.3 m. These s t a t i o n s  w e r e  equal ly  divided between North and South . 
- . P.G.6 E. 
D i a b l o  Canyon 
orth Dirblo Cove 
.. - . 
Lion Rock Cove 
FIGURE 1. Location of random subtidal and intertidal areas -- Diablo 
Canyon Power Plant Site. (Dark lines in Diablo Cove designate 
deep and shallow strata and Ilorth Cove and South Cove strata.) 
Diablo Cove. 
I n  addit ion,  we  continued a study begun i n  1975 which c o n s i s t s  of counting 
a l l  i d e n t i f i a b l e  inver tebra tes  within four  1/4-m2 quadrats  randomly se lec ted  
along a 30-m t r a n s e c t  l i n e .  Transect l i n e s  were l a i d  out  from the  boat ' s  anchor 
e i t h e r  p a r a l l e l  t o  t h e  shore o r  on a nor th  magnetic bearing a t  previously sur- 
veyed random 30-m2 s t a t i o n s .  Counts of b u l l  kelp were made one meter t o  e i t h e r  
s i d e  of t h e  t r a n s e c t  line. 
I n t e r t i d a l  S ta t ions  % . 
Methods of conducting random i n t e r t i d a l  surveys remained cons i s t en t  wi th  
previous repor t s  (Gotshall e t  al .  1974; Gotshall,  Laurent and Wendell 1976; 
Gotshall ,  Laurent and Wendell 1977). 
Bull  Kelp 
The annual shore census of b u l l  ke lp  in t h e  surface  canopy wi th in  Diablo Cove 
w a s  performed on September 27 and 28. This year the  d i s t r i b u t i o n  of the  kelp  
was d i s t i n c t  and once again sparse  enough t o  permit counting of p l a n t s  i n  
separa te  ')bedsf1. I n  previous years, 1974 through 1976, t h e  d i s t r i b u t i o n  w a s  
exceedingly even and the  b u l l  kelp was s o  abundant t h a t  censuses w e r e  conducted 
by counting within a r t i f i c i a l  demarcations o r  "wedges". I n  f a c t  i n  1975, the  
b u l l  kelp  was too dense t o  count r e l i a b l y ,  and its abundance w a s  est imated 
ins tead .  
This  year t h e  census was again performed by two counters  working inde- 
pendently. Ten power (lox) binoculars  w e r e  used a s  s p o t t i n g  a ids .  
Sea O t t e r s  ' 
Observations w e r e  made once again throughout the  quar te r  f o r  the  presence 
and a c t i v i t y  of sea o t t e r s .  The observation area  continued t o  be from Lion 
Rock on the  nor th  t o  South Cove on t h e  south. Diablo Cove is between these  
loca t ions .  Binoculars w e r e  used as s p o t t i n g  a ids .  There were a t o t a l  of 15  
observat ion days during the  quar ter .  
N O m  COXTROL AND PEW- CONTROL STATIONS 
Subt idal  A c t i v i t i e s  
None of the  permanent s u b t i d a l  s t a t i o n s  were surveyed during t h e  quar ter .  
In the North Control,  14 of t h e  24 random 30-m2 s t a t i o n s  and 56 of t h e  96 random 
114--m2 quadrats  were completed. 
Algae 
Resu l t s  
&am&aricz dentigera dens i ty  increased t h i s  year  over l a s t  year  (Table 1 ) .  
Pterygophowr caZifomica increased densi ty  was even mre impressive. 
TABLE 1. Mean Number Per m2 of Selected Inver tebra tes  and Brown Algae a t  Random 
North Control S ta t ions ,  1976 and 1977. 
- - - - - - 
30-m2 S ta t ions  1/4-m2 S t a t i o n s  
Red abalone 
G i a n t  r e d  s e a  urchins 
Laminaria 
Pterygophora 
Inver tebra tes  
Resul ts  
A preliminary c o l l a t i o n  of t h e  30-m2 s t a t i o n  d a t a  yielded these  h igh l igh t s :  
d e n s i t i e s  of red abalones remained a t  low l e v e l s ;  g i a n t  red  sea urchin numbers 
continued t o  decl ine  (Table 1 ) .  The decl ine  of the  l a t t e r  is a t t r i b u t e d  t o  
continued s e a  o t t e r  foraging. 
Discussion 
The s u b s t a n t i a l l y  higher d e n s i t i e s  of abalones and urchins  a t  1/4-m2 a r e  
due t o  t h e  f a c t  t h a t  the  d ive rs  are ab le  t o  see more of t h e  s m a l l e r  juveni les  a t  
the  1/4-in2 s t a t i o n s ,  p a r t i c u l a r l y  af  ter t h e  red a lgae  sample i s  removed from 
t h e  quadrat.  
I n t e r t i d a l  A c t i v i t i e s  
None of the  permanent o r  random i n t e r t i d a l  con t ro l  s t a t i o n s  w e r e  surveyed 




The maximum number of o t t e r s  observed on a  s i n g l e  day w a s  s i x .  For t h e  
most p a r t ,  t h e  o t t e r s  s tayed in the cove east of Lion Rock. Only one o t t e r  w a s  
seen i n  South Cove. It is poss ib le  t h a t  the  o t t e r s  i n  Lion Rock Cove were females 
as a  pup was once again observed i n  the group. 
. DIABLO COVE 
Subt idal  A c t i v i t i e s  
A l l  24 of the  30-m2 random s u b t i d a l  s t a t i o n s  and a l l  96 of t h e  114-m2 random 
s u b t i d a l  s t a t i o n s  were completed. 
Algae 
Results  
Densi t ies  of L d n a r i a  increased s u b s t a n t i a l l y  a t  random 30-m2 s t a t i o n s  
while Pterygophora d e n s i t i e s  decreased s l i g h t l y  (Table 2). 
Inver tebrates  
Results  
Red abalone dens i t i e s  remained a t  low l e v e l s  w h i l e  g ian t  red sea  urchin 
dens i t i e s  continued t o  decrease (Table 2). Most of the abalones and urchins 
observed a t  1/4-m2 quadrats w e r e  juveniles.  
TABLE 2. Mean Numbers Per m2 of Selected Inver tebrates  and Brown Algae a t  
, Diablo Cove Random Subtidal  Sta t ions ,  1976 and 1977. 
30-n2 S ta t ions  
- - 
1/4-m2 S ta t ions  
Red abalone 0.02 0.01 0.20 
Giant red sea  urchins 0.26 
Laminaria C' 2.59 
Pterygop hora 5.63 
I n t e r t i d a l  Ac t iv i t i e s  
=Eleven random i n t e r t i d a l  s t a t i o n s  were surveyed during t he  quar ter .  The 
annual b u l l  kelp census was conducted i n  September. Sea o t t e r  observations were 
continued, weather permitt ing . 
Algae 
Results  
The two counts of b u l l  kelp were reasonably close: 10,095 and 11,091 o r  
-about a 10% difference innumbers. There w a s  a l so  c lose  observer agreement 
concerning loca t ion  of individual  kelp beds and t h e i r  general configurations.  
A s  we have done in previous years, t h e  coun t s , fo r  both t h e  individual  kelp beds 
and t o t a l  surface canopy w e r e  averaged (Figure 2) .  The t o t a l  su r face  canopy 
population t h i s  year is est imated a t  10,563 p lan t s .  
The b u l l  kelp population i n  Diablo Cove t h i s  year,  bes ides  being 
the  smallest s i n c e  1973, was a l s o  q u i t e  per iphera l  in nature .  Most of the  p l a n t s  
occurred i n  t h e  shallow nearshore areas  (3- t o  6-m depths) while t h e  c e n t r a l  
por t ion  of t h e  cove was r e l a t i v e l y  barren  of b u l l  kelp.  The densest  area  of 
b u l l  ke lp  w a s  immediately seaward of t h e  discharge s t r u c t u r e  i n  a very shallow 
area  which e a r l i e r  had been w e l l  scoured by cooling-water pump operat ion and, - -  
hence, w a s  f r e e  from s u b s t r a t e  competitors. I n  the  c e n t r a l  por t ions  of t h e  cove 
the  juveni le  b u l l  kelp sporophytes of t h e  1977 year c l a s s  had t o  compete wi th  
increas ingly  dense populations of Laminaria dent igera  and Pterygophora caZifomica  
f o r  a v a i l a b l e  space. Addit ionally,  the  dense subsurface canopies formed by 
L. dent igera  and P. caZifornica may have i n h i b i t e d  growth of young b u l l  ke lp  
p l a n t s  by shading necessary l e v e l s  of l i g h t  from them. 
Although b u l l  ke lp  w a s  genera l ly  spa rse  i n  t h e  6- t o  12-m depths of - 
mid-Diablo Cove, we observed many beds i n  deeper offshore  areas (18- t o  25- 
depths) ou t s ide  of Diablo Cove. These beds, many of which marked pinnacles pre- 
v iously  unknown t o  us, w e r e  probably the  r e s u l t  of an unusually long period of 
high water c l a r i t y  i n  spring and summer months which allowed s u f f i c i e n t  l i g h t  
penet ra t ion  t o  g r e a t e r  depths. The increased amount of l i g h t ,  combined wi th  
an absence of dense s tands  of Laminaria and Pterygophora, enabled t h e  juveni les  
t o  grow successful ly  i n  t h e  deeper a reas .  
The s u b t i d a l  surveys a l s o  i n d i c a t e  a diminished b u l l  ke lp  population 
wi th in  Diablo Cove. A t o t a l  of 48 counts from both 30-m2 "macro" s t a t i o n s  and 
60-m2 l i n e a r  t r ansec t s  yielded an o v e r a l l  mean of 0.24 plants/m2. This compared 
wi th  a mean of 0.61 plants/m2 i n  1976. When t h e  1977 d a t a  were broken i n t o  
both nor th  and south components, t h e  d i spara te  d i s t r i b u t i o n  shown by the  shore 
FIGURE 2. Counts of b u l l  k e l p ,  Nereoc~jstis lue tkema,  i n  n i a b l o  Cove, 1977;  
Diablo  Canyon Power P lant  S i t e .  
census was subs tant ia ted:  t h e r e  were 0.33 plants/m2 i n  t h e  nor thern  por t ion  
of Diablo Cove and 0 .15/m2 i n  t h e  southern por t ions ,  r e f l e c t i n g  a r e l a t i v e l y  
barren  a r e a  i n  the  south-central  cove a rea .  
Inver t eb ra tes  
Results  
Although sub jec t ive ly  t h e  i n t e r t i d a l  communities appear unchanged from 
previous Upwellin'g periods,  no d a t a  are presented i n  t h i s  r e p o r t .  Analysis  w i l l .  
be performed on a l l  d a t a  co l l ec ted  t o  d a t e  during the-remainder of the  1977/78 
con t rac t  year .  
Sea Otters 
Results  
No s e a  o t t e r s  w e r e  observed i n  Diablo Cove during t h e  quar t e r .  
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MAN-DAYS SPENT AT DIABLO CANYON POWER PLANT SITE 
J u l y  1 -- September 30, 1977 
I n t e r t i d a l  Surveys: 
J u l y  1, 2 ,  3, 4 
P a r t i c i p a n t s :  Gotshal l ,  Laurent,  Wendell, Kelly,  Krenn 
J u l y  29, 30, 31, August 1 
Par t i c ipan t s :  Laurent,  Wendell, Kelly, Krenn 
Subtidal Surveys: 
J u l y  5, 6, 7, 11, 26 
Par t i c ipan t s :  Laurent,  Wendell, Kel ly  
J u l y  8, 13, 27 
C' 
Par t i c ipan t s :  Wendell, Kelly 
J u l y  1 2  
P a r t i c i p a n t s :  Gotshal l ,  Wendell, Kel ly  
J u l y  14 ,  25 
Pa r t i c ipan t s :  Laurent,  Wendell 
J u l y  15 ,  20  
P a r t i c i p a n t s :  Gotshal l ,  Laurent,  Wendell 
August 4, 5 
Pa r t i c ipan t s :  Laurent,  Wendell, Kel ly  
August 8, 9, 2 4  
P a r t i c i p a n t s :  Wendell, Kel ly  
August 1 0  
Pa r t i c ipan t s :  Gotshal l ,  Wendell, Kelly 
Subt ida l  Surveys (continued) 
August 11 
Part ic ipants :  Gotshall,  Kelly 
August 12,  25, 26 
Par t i c ipan t s :  Gotshall,  Laurent, Wendell, Kelly 
August 30 
Par t i c ipan t s :  Laurent, Wendell 
September 1 
Par t i c ipan t s :  Laurent, Wendell 
September 2, 6, 7,  8, 9, 21 
Par t i c ipan t s :  Gotshall ,  Laurent, Wendell 
September 19, 20 
Par t i c ipan t s :  Gotshall ,  Laurent 
C- September 22 
Par t i c ipan t s :  Gotshall,  Laurent, Wendell, Kelly 
September 23 
Par t ic ipants :  Laurent, Kelly 
September 26, 27, 30 
Par t ic ipants :  Wendell, Kelly 
Tota l  Ifan-Days During Quarter: 250 
Total  Man-Days a t  Si te*:  221 
Tota l  S ta t ions  Surveyed: 201 
Travel Time Man-Days :. 5 
Boat Time (Hours): 25.2 
Laboratory Time --Days**: 24 
* Total t i m e  spent  a t  Diablo Canyon by a l l  *;eject personnel; includes  both 
f i e l d  time as wel l  a s  laboratory  time. Beginning with t h i s  repor t ,  a l l  time 
o f f  f o r  vacations, s i c k  leave,  e tc . ,  w i l l  be excluded. 
** Time spent  a t  Monterey Off ice  by P ro j ec t  Leader and seasonal  a i d .  
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